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EverolimusAbstract Background: Despite endocrine therapy being the mainstay of treatment for hor-
mone receptor positive (HRþ)/HER2 metastatic breast cancer, patients at risk of visceral
crisis or doubt for endocrine sensitivity are still offered first-line chemotherapy. Maintenance
hormonal therapy is generally offered at the discontinuation of chemotherapy. The MAINte-
nance Afinitor study is a randomised, phase III trial comparing maintenance everolimus com-
bined with aromatase inhibitors (AIs) versus AI monotherapy in patients with disease control
after first-line chemotherapy.
Methods: Patients with stable disease, partial response or complete response after first-line
chemotherapy were randomised to everolimus plus AIs (exemestane or letrozole or anastro-
zole) or to AIs alone. Primary aim was progression-free survival (PFS). Secondary aims
included response rate, safety and overall survival (OS).
Results: In total, 110 patients were randomised to everolimus þ AIs (n Z 52) or to AIs
(n Z 58). Median PFS was 11.0 months (95% confidence interval [CI] 8.1e13.8) in the
everolimus þ AI arm and 7.2 months (95% CI 4.7e10.9) in the AI monotherapy arm (hazard
rat io [HR] 0.71, 95% CI 0.47e1.06) . Object ive response rate was 22.4% in
everolimus þ AI arm and 19.2% in AI monotherapy arm. A higher proportion of disease pro-
gression as best response was reported in the AI monotherapy arm (28.8% versus 14.3%). Me-
dian OS was 35.7 months (95% CI 26.0e47.8) in the combination arm versus 33.5 (95% CI
26.4e42.7) in the AI alone arm (HR 1.0, 95% CI 0.61e1.62).
Conclusions: EVE þ AIs did not significantly impact on the outcome of metastatic breast can-
cer patients deemed suitable for first-line chemotherapy. Also taking into account treatment
tolerability, maintenance endocrine therapy remains the standard.
Trial registration: EudraCT: 2013-004153-24.
ª 2021 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Breast cancer represents the leading cause of cancer-
related death in females [1]. Indeed, despite the imple-
mentation of screening programs and the availability of
effective strategies in the adjuvant setting, metastatic
disease is still incurable. Hormonal therapy is the treat-
ment of choice for hormone receptor positive (HRþ)/
HER2 advanced breast cancer, even in case of visceral
metastases. According to guidelines, upfront chemo-
therapy should be limited to patients with visceral crisis
[2,3]. However, a proportion of patients with HRþ/
HER2 disease were still offered first-line chemotherapy,
in particular before the widespread availability of cyclin-
dependent kinase 4/6 (CDK4/6) inhibitors [4e6]. Optimal
duration of first-line chemotherapy in this setting has not
been established, largely depending on response and side-
effects, but as soon as per clinical judgement chemo-
therapy is discontinued, maintenance endocrine therapy
is generally offered. Indeed, even though data from
randomised trials are scanty, as recently reviewed bySutherland et al. [7], also in view of the low toxicity, of-
fering endocrine therapy in patients not progressing after
chemotherapy to delay disease progression is a reason-
able approach.
Everolimus is an oral rapamycin derivative inhibiting
the PI3K (lipid kinase phosphoinositide 3-kinase) to
mTOR (mammalian target of rapamycin) pathway via
allosteric binding to mTOR complex 1 (mTORC1) [8].
In combination with tamoxifen, everolimus was associ-
ated with a significantly improved progression-free sur-
vival (PFS) and overall survival (OS) relative to
tamoxifen alone in patients previously treated with an
aromatase inhibitor (AI) [9].
In the phase III breast cancer trials of oral ever-
olimus-2 (BOLERO-2) trial, everolimuse exemestane
significantly prolonged PFS compared to
placeboeexemestane in patients with recurrence or
progression after non-steroidal AIs [10]. The MAINte-
nance Afinitor (MAIN-A) trial was aimed at evaluating
whether the addition of everolimus to an AI as main-
tenance treatment could improve the outcome of HRþ/
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control after first-line chemotherapy.
2. Methods
MAIN-A is an investigator-driven, phase III randomised
study conducted at 16 Italian institutions. The decision for a
phase IIIdesignwithPFSasprimaryend-pointwasbasedon
the fact that, despite based on a level of evidence consensus-
based, endocrine therapy maintenance at the completion of
chemotherapy was considered standard. The trial was
approved by local ethical committees of the participating
institutions and was conducted in compliance with the
principles of Good Clinical Practice and the Declaration of
Helsinki. Patients provided written informed consent.
2.1. Patients
Patients were eligible if they met the following criteria:
HRþ/HER2 metastatic breast cancer with disease
control (complete response, partial response or stable
disease) after standard first-line chemotherapy (mini-
mum 6 cycles), postmenopausal status, Eastern Coop-
erative Oncology Group performance status (PS) 0e1,
normal organ and marrow function, fasting cholesterol
<300 mg/dl and triglycerides <2.5 upper limit of normal
(ULN) (statins or other lipid lowering drugs
permitted) and fasting glucose <1.5 ULN. For pre-
menopausal patients who became amenorrhoeic during
chemotherapy, oestradiol level within postmenopausal
range at the time of enrolment was required along with
pharmacological castration with luteinizing hormone
releasing hormone (LHRH) analogue while on study
treatment. HR status was locally determined by immu-
nohistochemistry (IHC); positivity was defined as at
least 10% of oestrogen receptor (ER) and/or progester-
one receptor staining. HER2 status was locally deter-
mined by either fluorescence in situ hybridisation (FISH)
or IHC (IHC 0, 1þ, 2þ and/or FISH HER2:centromer
enumerator probe 17 (CEP17) ratio <2.0).
2.2. Procedures
After confirmation of eligibility, patients were rando-
mised in a 1:1 ratio to receive everolimus þ AIs (Arm A,
experimental arm) or AIs (Arm B, control arm)
(Supplemental Fig. 1). Randomisation was performed
centrally using a web-based system, with restricted ac-
cess through username and password.
Patients randomised to Arm A were treated with
everolimus 10 mg in association with letrozole 2.5 mg or
anastrozole 1 mg or exemestane 25 mg continuous daily
dosing (CDD). Patients randomised to Arm B were
treated with letrozole or anastrozole or exemestane
CDD. Concomitant treatment with bone-modifying
agents was allowed. The assigned study treatment was
continued until disease progression, unacceptabletoxicity or consent withdrawal. Dose interruptions and
reductions were allowed as required (see Supplemental
Appendix 1, online only). Patients who discontinued
everolimus because of side-effects were permitted to
continue receiving AIs. Tumour assessments (computed
tomography or magnetic resonance imaging) were per-
formed at screening, every 12 weeks thereafter until
disease progression (including in patients who dis-
continued treatment for reasons other than progressive
disease) and at the end of treatment.2.3. Study end-points and statistical considerations
The primary objective of the study is to compare the
PFS of AIs þ everolimus versus AIs. The original
sample size was calculated to detect an improvement
from 6 months with AIs to 9 months with
AIs þ everolimus in the median PFS (corresponding to
an improvement from 25% to 40% 1-year PFS; hazard
ratio Z 0.66). A total number of 184 events were
required to test the hypothesis with a log-rank test, 5%
alpha level (two-sided) and 80% power. The estimated
sample size was 115 patients per arm. Due to the low
accrual and the changing landscape following the advent
of CDK4/6 inhibitors, in 2017 the statistical plan was
amended and the sample size recalculated to detect an
improvement from 6 months with AIs to 11 months with
AIs þ everolimus in the median PFS (1-year PFS
improvement from 25% to 46.7%; hazard ratio Z 0.55).
In the new scenario, a total of 88 events were required
under the same assumptions. The amended sample size
was 54 patients per arm. PFS was defined as the time
from randomisation to the first documentation of
objective disease progression or death from any cause.
Patients without a PFS event at the time of the primary
analysis were censored at the date of their last objective
tumour assessment. This includes patients lost to follow-
up or who have withdrawn consent. Exploratory PFS
analyses according to visceral metastases and levels of
ER expression were pre-planned. Secondary aims were
objective response rate (ORR) for patients with
measurable disease at study entry, OS and safety.
Response was evaluated according to Response Evalu-
ation Criteria in Solid Tumours criteria version 1.1. OS
was calculated as the time from randomisation to death
from any cause. Adverse events (AEs) were graded ac-
cording to the National Cancer Institute Common
Terminology Criteria for Adverse Events version 4.0.
The KaplaneMeier method was used to estimate sur-
vival curves, and the log-rank test was used to compare
between groups. Cox proportional regression models
were used to calculate hazard ratios and 95% confidence
intervals (CIs). Level of significance was P < 0.05.








Median age (minimumemaximum), years 60.7 (29e80) 56.4 (34
e81)
ECOG PS 0, n (%) 46 (88) 53 (93)
Prior surgery, n (%) 34 (65.4) 34 (58.3)
Prior adjuvant chemotherapy, n (%) 18 (34.6) 22 (37.9)
Prior adjuvant hormonal therapy, n (%) 24 (46.1) 29 (50.0)
Median DFI (lower quartile; upper
quartile), monthsa
98 (67; 194) 78 (61;
127)
Stage IV de novo, n (%) 27(51.9) 26 (44.8)
Metastatic sites
Visceral, n (%) 34b (65) 35 (60.3)
Bone only, n (%) 7 (13.4) 9 (15.5)
AI, aromatase inhibitor; DFI, disease-free interval; ECOG, Eastern
Cooperative Oncology Group; EVE, everolimus; PS, performance
status; CNS, central nervous system.
a Excluding patients presenting with stage IV de novo.
b Two patients presented with controlled CNS metastases.
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From July 2014 to January 2019, a total of 110 patients
were randomly assigned to AIs þ everolimus (Arm A,
n Z 52) and to AIs (Arm B, n Z 58) (Fig. 1). Patient
and tumour characteristics were generally balanced be-
tween the two arms. Of note, patients randomised to
AIs þ everolimus presented longer disease-free interval
(Table 1).
Two patients, one in each arm, were enrolled having
reached amenorrhea during first-line chemotherapy,
with ovarian function suppression with LHRH
analogue maintained throughout protocol therapy.
Eighteen patients presented with lobular histology,
n Z 10 (17.2%) in the AI arm and n Z 8 (15.4%) in the
AI þ everolimus arm.
Almost a third of the patients have received adjuvant
chemotherapy, and approximately half of the patients
have received adjuvant hormonal therapy. Overall, 53
patients presented with de novo stage IV disease (27 in
Arm A and 26 in Arm B).
Thirty-four patients (65%) in Arm A and 35 (60%) in
Arm B presented with visceral metastases, respectively.
The vast majority of the patients in both arms (92%) had
ER expression 50%. Bone-only disease was docu-
mented in 7 patients (13%) in Arm A and 9 patients
(15%) in Arm B, respectively. Twenty-eight patients in
Arm A and 26 patients in Arm B underwent metastatic
site biopsy for biological re-characterisation of the dis-
ease before starting first-line chemotherapy. Median
duration of first-line chemotherapy was 5.06 months for
patients randomised to AIs (minimum 2.9; maximum
18.9 months) and 5.22 months (minimum 2.3; maximum
12.5 months) for patients randomised to
AIs þ everolimus. First-line chemotherapy consisted
mainly of taxane-based regimens (54% in both arms)
and anthracycline-based regimens (35.8% in the AI arm
and 37% in the AIs þ everolimus arm, respectively).EVE+AIs
n=52 received at least one dose of 
study medication
AIs
n=58 received at least one dose 
of study medication




n=52 due to progressive disease
n= 1 due to adverse event
n= 1 death without disease progression
n=31 due to progressive disease
n=13 due to adverse event
n=2 due to protocol non compliance
n=1 withdrew consent
Fig. 1. Consort diagram. AI, aromatase inhibitor; EVE,
everolimus.Overall, 51 patients (24 in Arm A and 27 in Arm B)
were on treatment with bone modifying agents prior to
start study therapy.3.1. Efficacy
At the time of final data cut-off (July 2020), median
follow-up was 42.9 months (95% CI 35.3e52.4) and a
total of 97 PFS events have been recorded. Median PFS
was 11.0 months (95% CI 8.1e13.8) for patients rand-
omised to receive everolimus þ AIs and 7.2 months
(95% CI 4.7e10.9) for patients randomised to AIs alone
(hazard ratio 0.71, 95% CI 0.47e1.06, log-rank
P Z 0.0938) (Fig. 2A). The rates of 12-month PFS
were 41.6% (95% CI 28.0e54.6) and 29.3% (95% CI
18.3e41.2), respectively.
Exploratory subgroup analysis according to ER
expression (> versus </Z50%), and presence of visceral
metastases were pre-planned. ER expression (> versus
</Z0%) was not associated with a different outcome
overall (log-rank P Z 0.67) and by treatment arm (P
value for interaction Z 0.2983). When looking at the
entire cohort of patients, patients presenting with
visceral metastases tended to have a shorter PFS
compared to patients without visceral metastases (me-
dian PFS 7.4, 95% CI 5.5e9.9 versus 13.1, 95% CI
8.3e17.8, log-rank P Z 0.0816). Among patients with
visceral metastases, those treated with AI monotherapy
experienced the worst prognosis (median PFS 5.6
months, 95% CI 2.8e9.4). Treatment effect was not
significantly different between the two groups (P value
for interaction Z 0.3377) (Supplemental Fig. 2, online
only).
ORR was 22.4% in everolimus þ AI arm and 19.2%
in AI monotherapy arm. A higher proportion of disease
progression as best response was reported in the AI
Fig. 2. KaplaneMeier plot of progression-free (A) and overall survival (B). AI, aromatase inhibitor; CI, confidence interval; EVE,
everolimus; OS, overall survival; PFS, progression-free survival.
Table 2





G2 G3 G4 G2 G3 G4
Stomatitis 15.4% 11.5% 1.9% e e e
Skin toxicity 17.3% 1.9% e e e e
Pneumonia 13.4% 1.9% e e e e
Asthenia 9.6% 1.9% e 1.7% e e
Neutropenia 7.6% 1.9% e e e e
Nausea 5.7% e e e e e
Hypercholesterolemia 5.7% e e e e e
Listed are events that were reported in at least 5% of the patients in any
group.
AI, aromatase inhibitor.
V. Guarneri et al. / European Journal of Cancer 154 (2021) 21e29 25monotherapy arm (28.8% versus 14.3% in the combi-
nation arm).
A total of 66 deaths have been recorded: 31 in the
everolimus þ AI arm and 35 in the AI-alone arm. Me-
dian OS was 35.7 months (95% CI 26.0e47.8) in the
combination arm versus 33.5 (95% CI 26.4e42.7) in the
AI-alone arm (hazard ratio 1.0, 95% CI 0.61e1.62, log-
rank P Z 0.9902) (Fig. 2B).
3.2. Safety
Grade IIIeIV AEs occurred in 23% (12) of the patients
randomised to everolimus þ AIs (stomatitis 13.4%, skin
rash, asthenia, hypertriglyceridemia, neutropenia and
pneumonitis 1.9% each). Grade IeII pneumonitis was
documented in 11 patients. In the AI monotherapy arm,
no grade IV AEs were documented, and one patient
only reported an episode of grade III dyspnoea. Table 2
summarises grade IIeIV toxicity per treatment arm.
Everolimus dose reductions were reported in 55.8%
of the patients, and temporary interruptions in 63.4% of
the cases. Permanent everolimus discontinuations due to
AEs were reported in 30.8% of the cases. In the
AI monotherapy arm, one patient only discontinued
treatment because of AEs. In the combination arm,
median everolimus exposure was 5.8 months (range
0.9e54.5) and median AI exposure was 6.1 months
(range 1.2e54.5). In the AI monotherapy arm, median
treatment exposure was 6.7 months (range 0.9e56.9).
4. Discussion
To the best of our knowledge, this is the first trial spe-
cifically designed to test the combination of everolimus
plus endocrine therapy versus endocrine therapy alone
as maintenance strategy after chemotherapy. Indeed,
chemotherapy is unfortunately still an unavoidable
treatment for HRþ/HER2 advanced breast cancer,even though its role has been progressively reduced in
favour of optimal endocrine therapy including the
combination with CDK4/6 inhibitors [11e13]. In the
current scenario, upfront chemotherapy is reserved for
patients presenting with visceral crisis or with features of
low endocrine sensitivity such as early progression while
on adjuvant endocrine therapy. Moreover, chemo-
therapy remains the standard salvage treatment at
exhaustion of endocrine therapy. Therefore, the vast
majority of advanced breast cancer will receive at some
point one or more lines of chemotherapy [14,15].
Optimal duration of chemotherapy in advanced disease
has not been established, mainly depending on response,
side-effects and patient compliance. In particular,
anthracyclines and taxanes are generally administered
for 6e8 courses [16,17]. Maintenance hormonal therapy
is usually recommended as soon as chemotherapy is
discontinued, with the aim of prolonging disease con-
trol. In recent years, targeted agents combined with
endocrine therapy have produced meaningful clinical
results [18e20]. The PI3KeAktemTOR is a major
intracellular signalling pathway, which responds to the
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stimulation and play a significant role in tumour cell
growth and proliferation. In particular, a close interac-
tion between the mTOR pathway and ER signalling has
been described, and the S6 kinase 1, which is a substrate
of mTORC1, is responsible for ligand-independent ER
activation through phosphorylation of its activation
function domain 1 [21,22].
The BOLERO-2 trial demonstrated a significant PFS
prolongation for everolimus plus exemestane versus
exemestaneeplacebo, leading to everolimus approval in
advanced disease [10]. On these premises, we designed
the MAIN-A trial to evaluate the role of everolimus in
patients achieving a disease control after first-line
chemotherapy. Unfortunately, this trial has failed to
achieve the primary end-point. Everolimus þ AI was
associated with a clinically not negligible 3.8-
month median PFS prolongation, which was not sta-
tistically significant. It is important to note that the
changing scenario following the advent of the CDK4/6
inhibitors resulted in a significant drop in patient
accrual, forcing a sample size amendment which
rendered more ambitious the expected outcome with the
combination The reduced sample size, along with a
slight outperformance of the control arm might partly
explain our results. The latter observation might be due
to the proportion of stage IV de novo disease, and
therefore potentially endocrine-sensitive disease,
enrolled in our trial. We might speculate that this patient
composition might have limited the potential benefit of
everolimus. However, in the BOLERO-2 trial approxi-
mately 20% of the patients were treated as first line, and
to be eligible for the study patients have to have failed
adjuvant AIs while on or within 12 months after the
completion of the adjuvant plan, representing a het-
erogeneous population in terms of endocrine resistance.
When looking at subgroup analyses of the BOLERO-2,
there are no suggestions for different treatment effects
according to prior therapies [10]. Moreover, in patients
naı̈ve to any anticancer therapy, neoadjuvant everolimus
plus letrozole was associated with a higher response rate
compared to letrozole alone [23]. Anyway, in an
exploratory analysis, we found no PFS differences in
patients presenting with stage IV versus relapsing dis-
ease, overall and per treatment arm (data not shown).
Recent data from Vernieri et al. [24] have demonstrated
an impact of on-treatment glycaemia on everolimus ef-
ficacy In our study, very few patients experienced
hyperglycaemia, not allowing for statistical analysis.
Although the MAIN-A trial was conducted when
everolimus was already widespread used in routine
practice and clinicians were well familial with its safety
profile, grade III/IV side-effects were reported by 23%
of the patients. This is a slightly higher rate of clinically
relevant side-effects compared to the pivotal registra-
tion trial. In particular, the rate of grade IIIeIV sto-
matitis in our trial was 13.4% versus 8% of grade IIIstomatitis observed in the BOLERO-2 trial [10].
Similar to what was observed for stomatitis, the inci-
dence of pneumonitis was higher in our trial compared
to what was reported in the BOLERO-2 trial (any
grade: 23% in the MAIN-A and 12% in the BOLERO-
2), even though the rates of G3 pneumonitis were
similar. However, it is important to note that in the
MAIN-A trial everolimus was started in patients with
very recent chemotherapy exposure, possibly affecting
everolimus tolerability. Moreover, in very recent years
the awareness on iatrogenic pneumonitis raised up,
leading to an increased attention to radiological find-
ings potentially suspicious for drug-induced lung injury
that might partly explain our findings. Indeed, iatro-
genic lung diseases are rare but potentially fatal com-
plications of several newly approved anticancer agents,
including new antibody-drug conjugate (ADCs), im-
mune check point inhibitors and CDK4/6 inhibitors
[25e27]. Nonetheless, being palliation of the goal of
treatment of advanced disease, in particular in patients
already exposed to the side-effects of chemotherapy,
treatment tolerability remains an important criterion
for maintenance strategy. Therefore, maintenance
endocrine therapy remains the standard, as confirmed
by the excellent safety profile of maintenance
AI monotherapy in our study. Patients with visceral
metastases might deserve particular attention. Indeed,
in our study patients with visceral metastases experi-
enced a poor prognosis with only 5.6 months of PFS
with AI monotherapy, notwithstanding the disease
control achieved with first-line chemotherapy. For this
subset of patients, it would be interesting to evaluate
the effect of CDK4/6 inhibitors in combination with
endocrine therapy.
We observed no differences in terms of OS between
the two arms. The median OS of approximately 33
months in our patient population is relatively short for
patients with HRþ, HER2 metastatic breast cancer,
and probably reflects the clinical judgement in the se-
lection of patients with more aggressive disease to be
treated with chemotherapy. Indeed, in the mammary
oncology assessment of LEE011’s [Ribociclib’s] efficacy
and safety (MONALEESA 7) trial conducted in pre-
menopausal patients, so possibly patients with more
aggressive disease, the median OS is 40.9 months for the
control arm (endocrine therapy þ placebo) and not
reached in the endocrine therapy (ET) þ ribociclib arm,
at a median follow-up of 34.6 months [28,29].
Recent data from the clinical studies of alpelisib in
breast cancer 1 (SOLAR 1) study have shown interesting
results in terms of OS, even though not formally sig-
nificant, in the subgroup of patients with visceral me-
tastases treated with the combination of
fulvestrantealpelisib in patients harbouring phosphati-
dylinositol-4,5-bisphosphate 3-kinase catalytic subunit
alpha (PIK3CA) mutations [30]. In our study, we did
not plan routine evaluation of PIK3CA status on the
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suggesting PFS benefit from everolimus maintained
regardless of PIK3CA status [31,32]. However, in future
perspective, molecular characterisation of HRþ/
HER2 patients including PIK3CA status is warranted.
In conclusion, our data do not support the use of
everolimus as maintenance strategy in patients with
disease control after first-line chemotherapy. However,
with a 3.8-month PFS prolongation for the combination
arm, although not significant, our data are not closing
credits for a potentiated endocrine maintenance strat-
egy, in particular for patients with visceral disease.
Newer targeted agents such as CDK4/6 inhibitors,
which conjugate efficacy with an excellent safety profile,
might be more successful.Author contributions
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Aapro MS, André F, et al. 5th ESO-ESMO International
Consensus Guidelines for Advanced Breast Cancer (ABC 5). Ann
Oncol 2020;31(12):1623e49.
[3] Rugo HS, Rumble RB, Macrae E, Barton DL, Klein Connolly H,
Dickler MN, et al. Endocrine therapy for hormone receptor-
positive metastatic breast cancer: American society of Clinical
Oncology Guideline. J Clin Oncol 2016;34(25):3069e103.
[4] Lobbezoo DJ, van Kampen RJ, Voogd AC, Dercsken MW, van
der Berkmortel F, Smilde TJ, et al. In real life, one-quarter of
patients with hormone receptor-positive metastatic breast cancer
receive chemotherapy as initial palliative therapy: a study of the
Southeast Netherlands Breast Cancer Consortium. Ann Oncol
2016;27:256e62.
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